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蔗麸比为 4:6，添加 0.2%尿素为氮源，按 10%接种量接种种龄为 18h 的菌悬液，
每 250mL 三角瓶中固体培养基装瓶量 30g（干重 10g），pH 自然， 30℃下培养 3d。
最佳糖化条件为：曲料比 1:3,加水比 1:6，在 50℃，170r/min 条件下糖化 18h，
最高糖化率可达 32.4%，每 100g 甘蔗渣糖化液经酿酒酵母发酵后，酒精产量可
达 11.3g。 
甘蔗渣经 4%二甲基亚砜预处理后，制曲并糖化，CMCase 和 FPA 酶活分别可
达 219.38U/g 和 16.07U/g，糖化率为 21.92%。 
采用酸碱分批不浸泡的预处理方式，CMCase 和 FPA 酶活分别达到 222.3U/g
和 16.77U/g，糖化率可达 23.34%，能够满足后期糖化液发酵产酒精的要求。 
青霉 T24-2 粗酶液依次经苯基疏水柱（Phenyl 6 Fast Flow）与凝胶柱
（Sephadex G-200）分离纯化得到内切-β-1,4-葡聚糖酶；经丁基疏水柱（Butyl 4 
Fast Flow）与离子交换柱（DEAE-Sepharose Fast Flow）分离纯化得到 β-葡萄糖
苷酶；经离子交换柱（DEAE-Sepharose Fast Flow）单柱纯化得到木聚糖酶。上
述三种组分经 SDS-聚丙烯酰胺凝胶电泳分析，分子量分别为 40kD，55kD 和 20kD。
其中，内切-β-1,4-葡聚糖酶纯化了3.15倍，比活力由2.06 U/mg提高到6.48 U/mg；
β-葡萄糖苷酶纯化了 3.67 倍，比活力由 0.33 U/mg 提高到 1.21 U/mg；木聚糖酶
纯化了 3.72 倍，比活力由 1.54 U/mg 提高到 5.74 U/mg。      
内切-β-1,4-葡聚糖酶和木聚糖酶的最适反应 pH 为 6.5，β-葡萄糖苷酶的最适
反应 pH 为 5.0，上述三种组分的最适反应温度均为 50℃。内切-β-1,4-葡聚糖酶




















Penicillium sp.T24-2 is a high cellulase-producing strain for solid-state 
fermentation. The optimum solid state fermentation conditions for cellulase 
production were achieved as: the ratio of bagasse to wheat bran was 4:6, 0.2% 
urea as nitrogen source, the inoculation quantity was 10% with loading age 
18h, medium quantity was 30g(dry weight 10g) in a 250mL flask, natural pH, 
30℃, starter-making time was 3d. The optimum saccharification conditions 
were achieved as: the ratio of starter material to bagasse was 1:3, the ratio of 
material to water was 1:6, 50 , the saccharification time was 18h, ℃
saccharification yield could reach 32.4%. The ethanol yield was 11.3% (g 
ethanol/g baggase).  
  The bagasse was pretreated with 4% DMSO, after starter-making and 
saccharification, CMCase and FPA were obtained as 219.38U/g and 16.07U/g, 
saccharification yield could reach 21.92%. 
The bagasse was batch pretreated separately with H2SO4 and NaOH 
without immersing, CMCase and FPA were obtained as 222.3U/g and 
16.77U/g, saccharification yield could reach 23.34%，the result could reach 
the demand for ethanol producing. 
Endo-β-1,4-glucanase was purified 3.15 folds with a specific activity of 
6.48 U/mg through Phenyl 6 Fast Flow and Sephadex G-200 chromatography; 
β-glucosidase was purified 3.67 folds with a specific activity of 1.21 U/mg 
through Butyl 4 Fast Flow and DEAE-Sepharose Fast Flow chromatography; 
Xylanase was purified 3.72 folds with a specific activity of 5.74 U/mg through 
DEAE-Sepharose Fast Flow chromatography, their molecular weights were 
determined as 40kD, 55kD and 20kD respectively by SDS-PAGE.  
The affection of pH and temperature on the activity of enzymes were 
investigated. The maximum activities were obtained at pH6.5 for 
endo-β-1,4-glucanase and xylanase, at pH5.0 for β-glucosidase. The optimum 














was 50℃. Endo-β-1,4-glucanase, β-glucosidase and xylanase showed high 
stability at pH5.5, pH5, pH6.0 respectively. All the three enzymes were stable 
below 40 ℃. 
 








































中国的天然纤维素原料也很丰富，每年产量是 11.45 亿 t，仅农作物秸秆、
皮壳一项，每年就达 7亿多 t，其中玉米秸秆占 35％，小麦秸秆占 21％，稻草占























































表 1-1 几种原材料的纤维素、半纤维素、木质素含量 
Tab.1-1 The contents of cellulose, hemicellulose and lignin in some materials 
原材料                 纤维素（%）      半纤维素（%）      木质素（%） 
松木（Pine wood）           26.0              44.0             27.8 
桦木（Birch wood）          39.0              40.0             19.5 
甘蔗渣（Sugar cane bagasse）      30.0              33.4             18.9 
      稻草（Rice straw）          24.0              32.1             12.5 










图 1-1 纤维素结构表示图 
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